Decision making for capacity planning in a make-to-order company using mixed integer programming by Gan, Teik Kun
vii 
 
 
 
 
 
TABLE OF CONTENTS 
 
 
 
 
CHAPTER TITLE 
 
PAGE 
 DECLARATION 
DEDICATION 
ACKNOWLEDGEMENTS 
ABSTRACT 
ABSTRAK 
TABLE OF CONTENTS 
LIST OF TABLES 
LIST OF FIGURES 
LIST OF ABBREVIATIONS 
LIST OF APPENDICES 
 
ii 
iii 
iv 
v 
vi 
vii 
x 
xi 
xii 
xiii 
1 INTRODUCTION 1 
 1.1 Introduction 
1.2 Problem Statement 
1.3 Objective of the Study 
1.4 Scope of the Study 
1.5 Significance of Study 
1.6 Arrangement of the Report 
1.7 Conclusion 
1 
2 
2 
2 
3 
4 
5 
   
2 LITERATURE REVIEW 6 
 2.1   Introduction 
2.2   Capacity Planning 
2.3   MTO Companies 
2.4   Mixed Integer Programming 
6 
6 
7 
8 
viii 
 
2.5   Sensitivity Analysis 
2.6   ILOG Optimization Programming Language 
2.7   Previous Work 
9 
10 
13 
 2.8    Conclusion 
 
15 
3 RESEARCH METHODOLOGY AND COMPANY 
PROFILE 16 
 3.1   Introduction 
3.2   Research Design 
3.3   Company Profile 
16 
16 
20 
 3.4   Conclusion 
 
23 
4 MODEL FORMULATION 24 
 4.1   Introduction  
4.2   Assumption of the Model 
4.3   Mixed Integer Model’s symbols 
4.4   Mixed Integer Programming for Company T 
4.5   Case Study in Company T 
4.6   Modeling Case Study using OPL 
4.7   Conclusion 
 
24 
24 
25 
25 
30 
33 
38 
5 RESULTS AND DISCUSSIONS 39 
 5.1   Introduction 
5.2   Validation of the Model 
5.3   Optimum Solution of the Model 
5.4   Sensitivity Analysis of the Model 
        5.4.1  Sensitivity Analysis of Selling Price 
        5.4.2  Sensitivity Analysis of Processing Cost 
                   5.4.2.1  Lower Limit of Processing Cost 
                    5.4.2.1  Upper Limit of Processing Cost 
                    5.4.2.3  Sensitivity Range of Processing Cost 
        5.4.3  Sensitivity Analysis of Processing Time 
                   5.4.3.1  Lower Limit of Processing Time 
39 
39 
40 
46 
47 
49 
50 
52 
53 
54 
55 
ix 
 
                   5.4.3.1  Upper Limit of Processing Time 
                   5.4.3.3  Sensitivity Range of Processing Time 
5.5   Conclusion 
 
57 
59 
60 
6 RESULTS AND DISCUSSIONS 61 
  6.1   Introduction 
6.2   Project Summary 
6.3   Recommendations and Future Research 
6.4   Conclusion 
61 
61 
62 
63 
   
REFERENCES 64-65 
APPENDICES A - E 66-80 
 
  
x 
 
 
 
 
 
LIST OF TABLES 
 
 
 
 
TABLE NO. TITLE PAGE 
2.1 Capacity Planning Tasks and Objectives 7 
2.2 Differences between MTO and MTS policies 7 
2.3 Some OPL Keywords 12 
4.1 System Data 31 
4.2 Processing cost with different decisions 31 
4.3 Input Data 32 
4.4 Defining Parameters in OPL 37 
5.1 Optimum Solution of the Case Study 40 
5.2 Instruction based on the Schedule 44 
5.3 Lower Limit and Profit of Selling Price 48 
5.4 Summary of the Sensitivity Range of Selling Price 49 
5.5 Lower Limit and Profit of Process Cost 51 
5.6 Upper Limit and Profit of Process Cost 53 
5.7 Sensitivity Range of Processing Cost 54 
5.8 Lower Limit and Profit of Processing Time 57 
5.9 Upper Limit and Profit of Processing Time 58 
5.10 Sensitivity Range of Processing Time 59 
6.1 Optimum Solution of each item 
 
63 
 
 
 
 
 
xi 
 
 
 
 
 
LIST OF FIGURES 
 
 
 
 
FIGURE NO. TITLE PAGE 
2.1 ILOG OPL IDE’s Interface 12 
2.2 Example of modelling with OPL 13 
3.1 Flow Chart 19 
3.2 Layout of Company T 20 
3.3 General Process Flow in Company T 21 
3.4 Number of hours of overtime done by the workers 22 
3.5 On time Delivery of Company T 22 
4.1 Method of Modeling in 2-D 35 
4.2 Data File in ILOG OPL  36 
4.3 Defining Data and Decision Variables 37 
4.4 Objective Function in ILOG OPL 38 
4.5 Constraint in ILOG OPL 38 
5.1 Schedule of Optimum Solution 42 
5.2 Machines Utilization in Company T 45 
 
 
 
  
xii 
 
 
 
 
 
LIST OF ABBREVIATIONS 
 
 
 
 
CNC  - Computerized Numerical Control 
EDM  - Electrical Discharge Machining 
MTO  - Make-to-order 
MTS  - Make-to-stock 
OPL  - Optimization Programming Language 
WIP  - work-in-process 
 
 
 
 
  
xiii 
 
 
 
 
 
LIST OF APPENDICES 
 
 
 
 
APPENDIX TITLE PAGE 
   
 A Items Delivered Date and Due Date 66 
 B Labours’ Overtime 70 
C Optimum Solution in Mathematical Notations 71 
D1 ILOG OPL Model File 73 
D2 ILOG OPL Solution 76 
D3 ILOG OPL Statistics 78 
D4 ILOG OPL Engine Log 79 
 E Predefined OPL Functions 80 
   
   
 
